Peroxychitosans with ditertiary peroxide fragments were synthesized via radical reactions of chitosan and 5-tert-butylperoxy-5-methyl-l -hexen-
Introduction
Recently, the scope of usage of natural biopolymers, in particular chitosan, has been increased in medicine, bioengineering, deacetylation, the second most widely spread natural polysaccharide, and has unique properties -biocompatibility, biodegradability, non-toxicity and polymeranalogical interaction ability. It has been used to obtain gels, composite polymer materials, polymer aqueous dispersions with antibacterial properties [ 2,3,4, 5, 6] . However, the possibilities of Chi using are significantly limited by such drawbacks as selective solubility, rigidity, thermodynamic incompatibility with predominant majority copolymers. Therefore, the usage of its various copolymers with synthetic polymers -polyvinylpyrrolidone, polyacrylamide etc. is constantly growing [7] .
At the same time, the research of synthesis of heterofunctional polyperoxides and regularities of peroxidation of polymer colloid system interphase, conducted at the Department of Organic Chemistry of Lviv Polytechnic National University allowed to elaborate the principles of polymer layer forming with regulated content of peroxide groups covalently grafted on the surface [8, 9] . Immobilization of regulated amount of hetero-functional polyperoxides on the interfaces of different colloid systems particle morphology, forming grafted polymer nanolayers on micro-and macro-surfaces with special properties (biocompatibility and bactericidal action) [10, 11] .
One might expect that the incorporation of peroxide groups to Chi structure will allow to receive a new type of Chi derivatives -reactive peroxychitosans, able to participate in the construction of covalently cross -linked polymer frames of gels or to perform the role of reactive polyemulsifiers of latex synthesis and to graft onto polymer surfaces, as well as to impart biocompatible properties and bactericidal action to them.
methyl-1-hexene-3-in (Chi-VEP) with ditertiary peroxide groups.
Experimental

Materials
Styrene (St), vinylpyrrolidone (VP) (Aldrich) were distilled under reduced pressure.
All other chemicals were analytical graded and used as received without further purification. The degree of deacetylation (DD) of low molecular weight Chi was found to be 64% and medium molecular weight Chi -70 % by the back titration.
Viscometric measurement
The molecular weight of Chi was determined by viscometric method using Mark-Houwing equation: . Chitosan (Chi) poly-ß-l,4-(2-deoxy-2-amino-D-glucose) is a product of chitin allowed to obtain disperse filled polymer composites with improved operational properties, to create latexes with "core-shell"
This report deals with the synthesis methods and the research of peroxychitosans -chitosan-graft-poly-5-tert -butylperoxy-5-Low molecular weight and medium molecular weight Chi were purchased from Aldrich and used as received.
The average molecular weight of the low molecular weight Chi was 32300 Da and medium molecular weight Chi was 53200 Da.
free-radical reactions in a 1 % aqueous acetic acid solution at 323 K. Argon was purged into the blend during the polymerization grafted homopolymer polyVEP.
IR measurement
IR spectral measurements were performed using "Specord-80M" spectrophotometer to confirm grafting between Chi and VEP.
Degradation of Chi backbone by APS
The degradation of Chi backbone was carried out in the presence of APS in a 1 % v/v aqueous acetic acid solution at 323 K. 
Emulsion polymerization
The emulsion polymerization of St was performed with simultaneous using Chi-VEP as a macroinitiator-emulsifier and cation-active trimethylcetylammoniumbromide (MCAB) as a coemulsifier at 333-353 K. The emulsion polymerization was methods. Latex polySt was separated from the latex by freezing -out and washed with aqueous acetic acid solution to remove MCAB and non-grafted Chi-VEP, then it was dried at room temperature.
Evaluation of antibacterial activity
The antibacterial properties of Chi, its derivatives Chi-VEP and modified polySt were determined against the bacterial culture Sarcina flava and bacillus culture Bacillus cereus. S.flava and B.cereus were selected and incubated as test cells because they are widely spread in the environmental medium.
Results and Discussion
Obtaining of peroxide containing chitosan with ditertiary groups by radical grafted copolymerization
(Chi-VEP) copolymer, which contains ditertiary peroxide groups in branches of polymer chains of VEP monomer. The synthesis of Chi-VEP was carried out via radical copolymerization of Chi and VEP at the initiation by APS.
The idea of Chi-VEP synthesis is the creation of a surface active macroinitiator which could contain hydrophobic areas of grafted chains of polyVEP and hydrophobic areas of Chi in the macromolecule. Polymer of such structure may be used as a modifying surface-active macroinitiator for initiating the processes of aqueous polymerization of vinyl monomers with simultaneous modification of the surface of latex particles, other disperse system or polymer macrosurfaces by its grafting onto the surfaces.
conducting of purposeful synthesis of peroxychitosan with the defined length of chains, the degradation of initial Chi macromolecules, used during synthesis under APS action, was researched. Grafting of 5-tert -butylperoxy-5-methyl-l-hexene-3-in (VEP) onto the Chi backbone was carried out by persulfate-induced remove ammonium persulphate (APS). Then it was extracted with acetone and chloroform to remove VEP monomer and nonArgon was purged into solution during the whole reaction. The reaction time was 4 hours. The Chi was precipitated by NH OH DTA analyses were performed for Chi, Chi-VEP, polyst yrene (polySt) using Q-1500 microcalorimeter at the heating rate of carried out with oleo-and aqueous phases ratio 1:9. The polymerization rate was defined using dilatometric and gravimetric Peroxide containing Chi with ditertiary peroxide groups is a chitosan-graft-poly-5-tert-butylperoxy-5-methyl-1-hexene-3-in It is known that the Chi chains are destructed under the action of persulphates of alkali metals [12, 13] . With the aim of 2 3 1 4 macromolecule ( Fig. 1.) , results in the formation of macroradicals, which participate in radical reactions, namely recombination with vinyl monomer participating in the creation of grafted polymer chains [14] . The study of the APS initiator influence on the degree of Chi macromolecule degradation allows to estimate the length of Chi chains in synthesized peroxide copolymers. The degradation of Chi with various molecular weights and DD was researched at different APS concentrations.
Research of chitosan chain degradation at the interaction with ammonium persulphate in aqueous medium
initial low-molecular Chi, B-initial Chi of medium molecular weight) (Table 1) . Thus, the possibility of regulated synthesis of Chi derivati ves with the controlled link length was established.
The research of peroxychitosan with ditertiary peroxide fragments
On the basis of reports in literature [14] on mechanisms of Chi chains destruction under the influence of peroxide sulphate and experimental data obtained, the formation of Chi -VEP copolymers may be presented in Fig. 2, Fig. 3 . 
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Under the action of persulphates as radical initiators there is a radical destruction of links C -C and C -O-C in Chi 
It is obvious that APS initiates the origination and growth of polyVEP chain (Fig. 2.) , degradation of Chi chain and breaking of C 2 -C 3 and C 1 -O-C 4 links with the formation of radicals according to Fig. 1 , which participate in breaking of the chain and formation of Chi-VEP grafted copolymers.
Fig. 3. Formation of Chi-VEP grafted copolymers (chain break by recombination)
The composition of Chi-VEP copolymers was confirmed by an element analysis, IR spectroscopy (Fig. 4), DTA (Fig. 5) and chromatographic researches. In IR spectrum of Chi-VEP copolymers (Fig. 4) , unlike the spectrum of initial Chi, there are the following absorption bands: bands at 1360 cm -1 and at 1380 cm -1 referred to oscillation doublet of tert-butyl group, which testifies to the presence of tertbutoxyl fragments of polyVEP; the absorption bands at 880 cm -1 group; the absorption bands at 1248 cm -1 , 1195 cm -1 , 840 cm -1 , characteristic of the skeleton oscillations of tert-butyl group; the intense absorption band at 2940 cm -1 , referred to the oscillations of the -CH -group in grafted chains of polyVEP, formed as a result of polymerization of the vinyl fragment.
As it is seen from Fig. 5 , in the temperature interval 397-484 K a significant loss of the weight of the sample is observed, which makes 26 % according to the data of the TG curve. The maximum rate of decomposition of the substance in this temperature interval is accompanied by brightly expressed exothermal effect on DTA curve which is stipulated by the decomposition of ditertiary peroxide groups with following fragmentation of radicals and formation of volatile products [ 15] . The results of DTA and chromatographic analysis of Chi VEP are shown in Table 2 . These results are confirmed by an element analysis of nitrogen, which was used for the calculating of Chi chains content.
According to the data of IR spectroscopic research, chromatographic analysis and literature data on thermal decomposition of VEP polymer chains, the following scheme of thermal decomposition of peroxide fragments in Chi-VEP composition is suggested (Fig. 6.) . 
Peroxychitosans with ditertiary peroxide groups as macroinitiators for emulsion polymerization
Chi-VEP peroxidated chitosans as well as low molecular Chi (mol. weight 32000 Da) show feeble surface activity. Isotherms of surface tension have a view typical of SAA polymer without defined CMC.
While carrying out the emulsion polymerization of styrene for the formation of aqueous dispersions of polySt simultaneously with emulsifier-macroinitiator Chi-VEP, cation-active MCAB was used as a coemulsifier. Chi-VEP and MCAB coemulsifiers were used simultaneously taking into consideration that the emulsion polymerization of St practically did not occur only in the presence of non-modified Chi as an emulsifier (at initiation by APS). At the same time the modification of the surface of the latex particles of Chi does not occur.
In the presence of alone Chi-VEP copolymer as an emulsifier and an initiator the emulsion polymerization of St under the similar condition occur only to the conversion of 10-15 %. It was also defined, that in the emulsion polymerization of St with MCAB as a single emulsifier and APS as an initiator under the similar conditions, the conversion is no more than 40 %, and the obtained latexes are not stable. The emulsion polymerization of St with Chi-VEP and MCAB proceeds with high rates during 1-3 hours to the conversions of 96-98 % (Fig. 7) .
The aggregative stability of the disperse particles is provided by electrostatic stabilization owing to MCAB and by steric stabilization owing to Chi-VEP. The initiation of water-dispersed polymerization of St is carried out owing to peroxide fragments of Chi-VEP. sulphate end groups (Fig. 2.) . At the same time, each of these substances taken separately at given concentrations does not provide stabilization of aqueous dispersion.
Kinetic researches allowed to obtaine equations of the rate of the emulsion polymerization of St in the presence of Chi-VEP initiating radicals occurs in absorbing layers of PMP:
It was found out that these samples fully inhibit the growth of cells of the bacterial culture S.flava.
One may observe the synergism of stabilizing action of Chi-VEP and MCAB at their simultaneous application which can be and MCAB, which coordinates with Medvedev`s theory for the case of emulsion polymerization, when the generation of
explained by the formation of macromolecular complexes by MCAB molecules and Chi-VEP macromolecules which contain
It is defined that the diameter of the particle grows with the increase of Chi-VEP concentration (Table 3) , and the temperature and concentration of MCAB emulsifier do not have a significant influence on the size of the particles (Table 4) . Table 3 The growth of the particle diameters of latexes at the growth of concentration of Chi-VEP initiator is explained in the following way. As the result of the transfer of the chain and recombination of macroradicals which occur on the surface of PMP, PMP is accompanied by the displacement of physically absorbed low molecular surface active coemulsifier MCAB from the surface to the disperse medium. As the result, the stability of PMP decreases owing to electrostatic component. It is proved by the reduction of surface tension of end latexes at the growth of concentration of Chi-VEP and the di ameter of the particles (Table  3) .
DTA researches and an element analysis of nitrogen helped to define that the samples of latex polySt, separated from the latex by means of freezing-out and washed from MCAB and non-grafted Chi-VEP, contain covalently grafted Chi-VEP chains onto polySt.
